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(57) ABSTRACT 

Avehicle attitude control apparatus has suspensions S?, Srl, 
Sfr, and Srr that suspend each of front-left, rear-left, front 
right and rear-right Wheels W?, Wrl, Wfr, and Wrr; electric 
motors 21, 22, 23 and 24 that independently drive each of 
four Wheels; lateral acceleration sensor 31; and controller 
32. The controller 32 calculates the roll angle and roll 
direction of a vehicle body BD by using the detected lateral 
acceleration. Further, the controller 32 increases or 
decreases the driving torques generated by the electric 
motors 21 to 24 by a driving torque changing amount in 
accordance With the calculated roll angle and roll direction. 
With the increase or decrease in the driving torques gener 
ated by the electric motors 21 to 24 by the driving torque 
changing amount, doWnWard force is generated on the 
vehicle body moving up upon the vehicle roll (at respective 
instant centers determined by the suspensions at the side 
Where the vehicle body moves up), and upWard force is 
generated on the vehicle body moving doWn upon the 
vehicle roll (at respective instant centers determined by the 
suspensions at the side Where the vehicle body moves 

doWn). 
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FIG. 1 
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VEHICLE ATTITUDE CONTROL APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a vehicle attitude 
control apparatus that suppresses a roll of a vehicle. 

[0003] 2. Description of the Related Art: 

[0004] From in the past, as described in Japanese Patent 
Application Laid-Open (kokal) No. 2002-301939, for 
example, a vehicle provided With four electric motors 
(actuators) that independently drive each of four Wheels is 
knoWn. In this type of a vehicle, driving torques generated 
from four electric motors are independently controlled to 
enhance vehicle turning performance. 

[0005] HoWever, the above-described prior art does not 
give adequate consideration to the roll of the vehicle. 
Therefore, in order to suppress the roll of the vehicle, it is 
necessary to increase the spring constant of coil springs or 
to set the damping force of shock absorbers of the vehicle to 
a high value. This entails a problem that the ride comfort 
becomes poor. 

SUMMARY OF THE INVENTION 

[0006] The present invention is accomplished in vieW of 
the foregoing problem, and aims to provide a vehicle attitude 
control apparatus capable of enhancing ride comfort upon a 
roll by suppressing a vehicle roll through the independent 
control of driving torques generated by the actuators, rep 
resented by electric motors, corresponding to four Wheels. 

[0007] In order to achieve the foregoing object, a feature 
of the present invention is that a vehicle attitude control 
apparatus is provided With four actuators Which indepen 
dently drive four Wheels suspended on a vehicle body by a 
suspension apparatus and can control vehicle running atti 
tude through the independent control of driving torques 
generated by the four actuators. The vehicle attitude control 
apparatus comprises roll detecting means that detects a roll 
of a vehicle; and driving torque control means that produces 
a difference to the driving torques generated by the four 
actuators in accordance With the detected vehicle roll to 
thereby apply to the vehicle body force in the direction 
opposite to the roll. 

[0008] The driving torque control means may produce a 
difference in the driving torques generated by the actuators, 
corresponding to the front and rear Wheels at the side Where 
the vehicle body moves up due to the vehicle roll, such that 
forces are generated in the front and rear Wheels, at the side 
Where the vehicle body moves up, in opposite directions 
With respect to the fore and aft direction of the vehicle so that 
doWnWard force is generated at the vehicle body that moves 
up, or it may produce a difference in the driving torques 
generated by the actuators, corresponding to the front and 
rear Wheels at the side Where the vehicle body moves doWn 
due to the vehicle roll, such that forces are generated in the 
front and rear Wheels, at the side Where the vehicle body 
moves doWn, in opposite directions With respect to the fore 
and aft direction of the vehicle so that upWard force is 
generated at the vehicle body that moves doWn. 

[0009] The roll angle detecting means detects a vehicle 
roll angle, for example, and the driving torque control means 

Feb. 7, 2008 

may comprise, for example, changing amount calculating 
means that calculates a changing amount for changing the 
driving torques generated by the four actuators With the use 
of the detected roll angle of the vehicle body; driving torque 
calculating means that calculates the driving torques gener 
ated by the four actuators With the use of the calculated 
changing amount; and drive control means that drives and 
controls the four actuators in accordance With the calculated 
driving torques. In this case, the roll detecting means may 
comprise, for example, a lateral acceleration sensor that 
detects the lateral acceleration in the side-to-side direction of 
the vehicle; and roll angle calculating means that calculates 
the roll angle of the vehicle body in accordance With the 
detected lateral acceleration. 

[0010] If a difference is produced in the driving torques 
generated by four actuators in accordance With the vehicle 
roll detected by the roll detecting means, force in the 
direction opposite to the roll can be applied to the vehicle 
body. Speci?cally, since four Wheels are suspended on the 
vehicle body by the suspensions, force in the fore and aft 
direction of the vehicle generated by the front and rear 
Wheels can be applied to the vehicle body via the suspen 
sions by producing a difference in the driving torques 
generated by four actuators. Accordingly, the vehicle roll 
can be suppressed, Whereby ride comfort upon the roll can 
be enhanced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a schematic side vieW shoWing suspen 
sions, seen from the inside, at front-right and rear-right 
Wheels in a vehicle provided With a vehicle attitude control 
apparatus according to one embodiment of the present 
invention; 
[0012] FIG. 2 is a block diagram of an electric control 
apparatus of the vehicle attitude control apparatus shoWn in 
FIG. 1; 

[0013] FIG. 3 is a ?owchart shoWing a program executed 
by the controller of FIG. 2; 

[0014] FIG. 4 is a graph shoWing the characteristic of 
change of the roll angle With respect to the lateral accelera 
tion; 
[0015] FIG. 5 is a graph shoWing the characteristic of 
change of the driving torque changing amount With respect 
to the roll angle; 

[0016] FIGS. 6A to 6D are schematic diagrams for 
explaining the attitude control upon the rightWard roll of the 
vehicle; and 

[0017] FIGS. 7A to 7D are schematic diagrams for 
explaining the attitude control upon the leftWard roll of the 
vehicle. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0018] BeloW, one embodiment of the present invention 
Will be described While referring to the draWings. FIG. 1 is 
a schematic side vieW shoWing front-right and rear-right 
Wheels that are seen from the inside. 

[0019] The front-left, rear-left, front-right and rear-right 
Wheels W?, Wrl, Wfr, and Wrr of the vehicle are suspended 
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on a vehicle body BD by suspensions S?, Srl, Sfr, and Srr 
(see FIG. 2). The suspensions S?, Srl, Sfr and Srr have the 
same structure on the left and right sides of the vehicle, so 
only the suspensions Sfr and Srr positioned on the right side 
of the vehicle Will be explained in detail, and a detailed 
explanation of the suspensions SH and Srl positioned on the 
left side of the vehicle Will be omitted. 

[0020] The front suspension Sfr includes an upper arm 11 
and a loWer arm 12. The upper arm 11 is rotatably mounted 
on the vehicle body BD at its inner ends 11a and 11b for 
rotation about an axis extending in roughly the fore and aft 
direction of the vehicle, and is rotatably mounted at its outer 
end 110 on a carrier 13 Which supports the front-right Wheel 
Wfr. The loWer arm 12 is mounted on the vehicle body BD 
at its inner ends 1211 and 12b for rotation about an axis 
extending in roughly the fore and aft direction of the vehicle 
body, and is rotatably mounted on the carrier 13 at its outer 
end 120. 

[0021] The axis ofthe inner ends 11a and 11b of the upper 
arm 11 and the axis of the inner ends 1211 and 12b of the 
loWer arm 12 intersect at an intersection point 0 that is 
positioned above and toWards the rear of the vehicle body 
With respect to the ground contact surface Q of the front 
right Wheel Wfr. This intersection point 0 is the instant 
center of the front-right Wheel Wfr With respect to the 
vehicle body BD. When, for example, force acts on the 
ground contact surface Q of the front-right Wheel Wfr 
toWards the front of the vehicle, force corresponding to the 
forWard force acts at the intersection point 0 in the direction 
of line segment OQ connecting the intersection point 0 and 
the ground contact surface Q. In contrast, When force acts on 
the ground contact surface Q of the front-right Wheel Wfr 
toWards the rear of the vehicle, force corresponding to the 
rearWard force acts at the intersection point 0 in the direc 
tion of line segment Q0. 

[0022] The rear suspension Srr includes upper arms 14 and 
15 and a loWer arm 16. The upper arms 14 and 15 are 
rotatably mounted on the vehicle body BD at their inner ends 
1411 and 15a, respectively, for rotation about an axis extend 
ing in roughly the fore and aft direction of the vehicle and 
are rotatably mounted at their outer ends 14b and 15b, 
respectively, on a carrier 17 Which supports the rear-right 
Wheel Wrr. The loWer arm 16 is rotatably mounted on the 
vehicle body ED for rotation about an axis extending in 
roughly the fore and aft direction of the vehicle at its inner 
end 1611, and it is rotatably mounted on the carrier 17 at its 
outer end 16b. 

[0023] The axis connecting the inner ends 1411 and 15a of 
the upper arms 14 and 15 and the axis of the inner end 1611 
of the loWer arm 16 intersect at an intersection point P Which 
is located above and toWards the front of the vehicle With 
respect to the ground contact surface R of the rear-right 
Wheel Wrr. The intersection point P is the instant center of 
the rear-right Wheel Wrr With respect to the vehicle body 
BD. When, for example, force acts on the ground contact 
surface R of the rear-right Wheel Wrr toWards the rear of the 
vehicle, force corresponding to the rearWards force acts at 
the intersection point P in the direction of the line segment 
PR connecting the intersection point P and the ground 
contact surface R. In contrast, When force toWards the front 
of the vehicle acts on the ground contact surface R of the 
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rear-right Wheel Wrr, force corresponding to the forWard 
force acts at the intersection point P in the direction of line 
segment RP. 

[0024] As shoWn in FIG. 2, the rotational shafts of electric 
motors 21,22, 23, 24 Which are ?xed to unillustrated Wheel 
side member are integrally mounted on the front-left, rear 
left, front-right and rear-right Wheels W?, WrI, Wfr, and 
Wrr, respectively, of the vehicle. The electric motors 21, 22, 
23, 24 have internal reduction gears, and the front-left, 
rear-left, front-right and rear-right Wheels W?, Wrl, Wfr, and 
Wrr are independently driven by their rotation. The electric 
motors 21, 22, 23, 24 serve as actuators. 

[0025] Next, an electric control apparatus that controls the 
driving torques of the electric motors 21, 22, 23, 24 Will be 
described. This electric control apparatus includes a lateral 
acceleration sensor 31. The lateral acceleration sensor 31 
detects lateral acceleration Gy in the lateral direction of the 
vehicle, and is connected to a controller 32. The lateral 
acceleration sensor 31 indicates that the rightWard accelera 
tion With respect to the vehicle is generated When the value 
thereof is positive, While it indicates that the leftWard 
acceleration With respect to the vehicle is generated When 
the value thereof is negative. The lateral acceleration Gy 
may be calculated by using other vehicle motion states, 
instead of the lateral acceleration sensor 31. For example, a 
vehicle speed sensor for detecting a vehicle speed and a 
steering angle sensor for detecting a handle steering angle 
are provided, and the lateral acceleration Gy may be calcu 
lated from the detected vehicle speed and steering angle. 

[0026] The controller 32 comprises a microcomputer hav 
ing a CPU, a ROM, a RAM, and the like as principal 
components. The controller 32 controls the operation of the 
electric motors 21, 22, 23, 24 by executing the roll sup 
pressing control program shoWn in FIG. 3. The controller 32 
is connected to the drive circuits 33, 34, 35, 36 as Well as to 
the accelerator sensor 31. Electric poWer is supplied from a 
battery 37 to the controller 32 and drive circuits 33, 34, 35, 
36. 

[0027] The drive circuits 33, 34, 35, 36 are respectively 
connected to current sensors 33a, 34a, 35a, 3611 Which sense 
the drive current ?oWing to the electric motors 21, 22, 23, 24 
in accordance With the magnitude of the driving torque 
generated by the electric motors 21, 22, 23, 24. In response 
to instructions from the controller 32, the drive circuits 33, 
34, 35, 36 control torque from the electric motors 21, 22, 23, 
24 in cooperation With the current sensors 33a, 34a, 35a, 
36a to drive the front-left, rear-left, front-right and rear-right 
Wheels W?, Wrl, Wfr, and Wrr. When the vehicle body ED 
is not experiencing a roll, the controller 32 controls the 
electric motors 21, 22, 23, 24 such that each driving torque 
generated from the electric motors 21, 22, 23, 24 are 
generally equal to one another. Torque sensor for detecting 
driving torque of the front-left, rear-left, front-right and 
rear-right Wheels W?, Wri, Wfr, and Wrr may be provided 
instead of the current sensors 33a, 34a, 35a, 36a. 

[0028] Next, the operation of the ?rst embodiment having 
the above-described structure Will be described. At pre 
scribed short time intervals, the controller 32 repeatedly 
executes the roll suppressing control program shoWn in FIG. 
3. The execution of this program begins in Step S10. In Step 
S12, a detection signal indicating the lateral acceleration Gy 
is inputted from the lateral acceleration sensor 31. 
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[0029] Next, in Step S14, the controller 32 refers to a roll 
angle table provided therein to calculate the roll angle RA 
and roll direction of the vehicle body BD on the basis of the 
lateral acceleration Gy inputted in Step S12. As shoWn in 
FIG. 4, the roll angle table stores the roll angle RA that 
proportionally increases With the increase in the lateral 
acceleration Gy from “0” to a predetermined positive value, 
and the roll angle RA that proportionally decreases With the 
decrease in the lateral acceleration Gy from “0” to a prede 
termined negative value. It is to be noted that the positive 
roll angle RA indicates that the vehicle body ED is rolled to 
the right, While the negative roll angle RA indicates that the 
vehicle body ED is rolled to the left. 

[0030] After the process in Step S14, it is determined in 
Step S16 Whether the roll angle RA is “0” or not. First, When 
the vehicle is traveling straight ahead on a ?at road surface, 
the roll is not produced on the vehicle, so that “No” 
determination is made in Step S16 so as to end the execution 
of this program. With this state, the controller 32 controls the 
driving torque of the electric motors 21, 22, 23, 24 in 
cooperation With the driving circuits 33, 34, 35, 35 by the 
execution of the unillustrated program, thereby rotationally 
driving the front-left, rear-left, front-right and rear-right 
Wheels W?, Wrl, Wfr, and Wrr. 

[0031] Next, the case in Which the vehicle traveling 
straight ahead starts to turn to the left Will be explained. In 
this case, the rightWard lateral acceleration Gy to the vehicle 
gradually increases With the leftward turn of the vehicle, 
resulting in that, as shoWn in FIG. 6A, the vehicle body BD 
starts to roll to the right. Therefore, the roll angle RA of the 
vehicle body BD assumes a positive value, so that “No” 
determination is made in Step S16 and “Yes” determination 
is made in Step S18 so as to execute the processes in Steps 
S20 and S22. 

[0032] In Step S20, the controller 32 refers to a driving 
torque changing table provided therein to calculate a driving 
torque changing amount ATr for changing the driving torque 
generated from the electric motors 21 and 22 corresponding 
to the front-left and rear-left Wheels W? and Wrl by using 
the roll angle RA and roll direction of the vehicle body BD 
calculated in Step S14. As shoWn in FIG. 5, the driving 
torque changing table stores the driving torque changing 
amount ATr that gradually increases With the increase in the 
absolute value of the roll angle RA. After the calcula 
tion of the driving torque changing amount ATr, the con 
troller 32 increases the driving torque generated by the 
electric motor 21 corresponding to the front-left Wheel W? 
by the driving torque changing amount ATr, and decreases 
the driving torque generated by the electric motor 22 cor 
responding to the rear-left Wheel Wrl by the driving torque 
changing amount ATr. 

[0033] In Step S22, the controller 32 calculates the driving 
torque changing amount ATr for changing the driving torque 
generated by the electric motors 23 and 24 corresponding to 
the front-right and rear-right Wheels Wfr and Wrr. In this 
case, in accordance With the roll angle RA of the vehicle 
body BD, the controller 32 decreases the driving torque 
generated by the electric motor 23 corresponding to the 
front-right Wheel Wfr by the driving torque changing 
amount ATr, and increases the driving torque generated by 
the electric motor 24 corresponding to the rear-right Wheel 
Wrr by the driving torque changing amount ATr. 
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[0034] Accordingly, as shoWn in FIG. 6B, forces AF each 
having the same magnitude and being reverse to each other 
are applied in the fore and aft direction of the vehicle to the 
front-left Wheel and rear-left Wheel W? and Wrl at the inner 
locus of the turning direction, in accordance With the 
increase and decrease by the driving torque changing 
amount ATr. Further, forces AF each having the same 
magnitude and being reverse to each other are applied to the 
front-right Wheel and rear-right Wheel Wfr and Wrr in the 
fore and aft direction of the vehicle at the outer locus of the 
turning direction. 

[0035] Thus, on the inner locus of the turning direction, 
i.e., at the left side Where the vehicle body BD moves up by 
the roll of the vehicle, doWnWard force is applied at the 
respective instant centers determined by the suspensions SH 
and Srl at the left side as shoWn in FIG. 6C. Further, on the 
outer locus of the turning direction, i.e., at the right side 
Where the vehicle body BD moves doWn by the roll of the 
vehicle, upWard force is applied at the respective instant 
centers determined by the suspensions Sfr and Srr at the 
right side as shoWn in FIG. 6D. As a result, the rightWard roll 
of the vehicle body ED is suppressed. In this case, since the 
sum of the forces AF generated on the front-left, rear-left, 
front-right and rear-right Wheels W?, Wrl, Wfr, and Wrr is 
“0”, as vieWed for the vehicle as a Whole, so acceleration of 
the vehicle in the fore and aft direction is not produced, and 
the forces AF are in opposite directions for the front and rear 
as Well as right and left of the vehicle, so a yaWing moment 
is not produced in the vehicle. 

[0036] After the process of Step S22, in Step S28, the 
execution of this program is temporarily ended. When the 
leftWard turn of the vehicle continues, the processes of Steps 
S20 and S22 are repeatedly performed. As a result, the 
rightWard roll of the vehicle body ED is suppressed, With the 
result that ride comfort upon the roll can be enhanced. 

[0037] Next, the case in Which the vehicle traveling 
straight ahead starts to turn to the right Will be explained. In 
this case, the leftWard lateral acceleration Gy to the vehicle 
gradually increases With the rightWard turn of the vehicle, 
resulting in that, as shoWn in FIG. 7A, the vehicle body BD 
starts to roll to the left. Therefore, the roll angle RA of the 
vehicle body BD assumes a negative value, so that “No” 
determination is made in Step S16 and Step S18 so as to 
execute the processes in Steps S24 and S26. 

[0038] In Step S24, like the case of the previous Step S20, 
the controller 32 refers to a driving torque changing table 
provided therein to calculate a driving torque changing 
amount ATr corresponding to the absolute value of the 
roll angle BD of the vehicle body by using the roll angle RA 
and roll direction of the vehicle body BD calculated in Step 
S14. Then, the controller 32 increases the driving torque 
generated by the electric motor 23 corresponding to the 
front-right Wheel Wfr by the driving torque changing 
amount ATr, and decreases the driving torque generated by 
the electric motor 24 corresponding to the rear-right Wheel 
Wrr by the driving torque changing amount ATr. 

[0039] In Step S26, the controller 32 decreases the driving 
torque generated by the electric motor 21 corresponding to 
the front-left Wheel W? by the calculated driving torque 
changing amount ATr, and increases the driving torque 
generated by the electric motor 22 corresponding to the 
rear-left Wheel Wrl by the driving torque changing amount 
ATr. 
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[0040] Accordingly, as shown in FIG. 7B, forces AF each 
having the same magnitude and being reverse to each other 
are applied on the front-right Wheel and rear-right Wheels 
Wfr and Wrr in the fore and aft direction of the vehicle at the 
inner locus of the turning direction, in accordance With the 
increase and decrease by the driving torque changing 
amount ATr. Further, forces AF each having the same 
magnitude and being reverse to each other are applied to the 
front-left Wheel and rear-left Wheel W? and Wrl in the fore 
and aft direction of the vehicle at the outer locus of the 
turning direction. 

[0041] Thus, on the inner locus of the turning direction, 
i.e., at the right side Where the vehicle body BD moves up 
by the roll of the vehicle, doWnWard force is applied at the 
respective instant centers determined by the suspensions Sfr 
and Srr at the right side as shoWn in FIG. 7C. Further, on the 
outer locus of the turning direction, i.e., at the left side Where 
the vehicle body BD moves doWn by the roll of the vehicle, 
upWard force is applied at the respective instant centers 
determined by the suspensions SH and Srl at the left side as 
shoWn in FIG. 7D. As a result, the leftWard roll of the vehicle 
body ED is suppressed. In this case, acceleration in the fore 
and aft direction of the vehicle and a yaWing moment are not 
produced in the vehicle. 

[0042] After the process of Step S26, in Step S28, the 
execution of this program is temporarily ended. When the 
rightWard turn of the vehicle continues, the processes of 
Steps S24 and S26 are repeatedly performed. As a result, the 
leftWard roll of the vehicle body ED is suppressed, With the 
result that ride comfort upon the roll can be enhanced. 

[0043] Next, When the vehicle is not in the turning state 
but the vehicle body BD starts to roll to the right as shoWn 
in FIG. 6A because of the front-left and rear-left Wheels W? 
and Wrl riding over an obstacle on the road surface, for 
example, the processes in Steps S20 and S22 are executed 
like the case in Which the vehicle starts to turn to the left. 
Therefore, at the left side Where the vehicle body BD moves 
up by the roll of the vehicle, doWnWard force is applied at 
the respective instant centers determined by the suspensions 
SH and Srl at the left side as shoWn in FIG. 6C. Further, at 
the right side Where the vehicle body BD moves doWn by the 
roll of the vehicle, upWard force is applied at the respective 
instant centers determined by the suspensions Sfr and Srr at 
the right side as shoWn in FIG. 6D. Consequently, the 
rightWard roll of the vehicle body ED is suppressed. 

[0044] Similarly, When the vehicle is not in the turning 
state but the vehicle body BD starts to roll to the left as 
shoWn in FIG. 7A because of the front-right and rear-right 
Wheels Wfr and Wrr riding over an obstacle on the road 
surface, for example, the processes in Steps S24 and S26 are 
executed like the case in Which the vehicle starts to turn to 
the right. Therefore, at the right side Where the vehicle body 
BD moves up by the roll of the vehicle, doWnWard force is 
applied at the respective instant centers determined by the 
suspensions Sfr and Srr at the right side as shoWn in FIG. 7C. 
Further, at the left side Where the vehicle body BD moves 
doWn by the roll of the vehicle, upWard force is applied at 
the respective instant centers determined by the suspensions 
SH and Srl at the left side as shoWn in FIG. 7D. Conse 
quently, the leftWard roll of the vehicle body ED is sup 
pressed. 
[0045] Above, one embodiment of the present invention 
has been described, but the present invention is not limited 
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to the above-described embodiment, and various changes 
are possible While still accomplishing the object of the 
present invention. 

[0046] For example, in the above-described embodiment, 
the roll detecting means is composed of the lateral accel 
eration sensor 31 and Steps S12 and S14 Where the roll angle 
RA of the vehicle body ED is calculated by using the lateral 
acceleration Gy detected by the lateral acceleration sensor 
31. HoWever, a roll angle detecting sensor for detecting the 
roll angle RA of the vehicle body BD may be disposed, and 
this roll angle detecting sensor can be used as the roll 
detecting means. 

[0047] In the above-described embodiment, driving 
torques generated by the electric motors 21 and 22 corre 
sponding to the front-left and rear-left Wheels WIf and Wrl 
and driving torques generated by the electric motors 23 and 
24 corresponding to the front-right and rear-right Wheels 
Wfr and Wrr are increased or decreased by the driving 
torque changing amount ATr upon the roll of the vehicle, 
thereby suppressing the roll of the vehicle. HoWever, driving 
torques generated by the electric motors, Which correspond 
to either one side front and rear Wheels of the left side front 
and rear Wheels W?, Wrl and the right side front and rear 
Wheels Wfr, Wrr, may be increased or decreased by the 
driving torque changing amount ATr. Speci?cally, in the 
program shoWn in FIG. 3, either one of the processes in Step 
S20 and Step S22 may be omitted, and either one of the 
processes in Step S24 and S26 may be omitted. 

[0048] In the above-described embodiment, the case Was 
described in Which the instant centers Which are determined 
by the front suspensions SH and Sfr are located above and to 
the rear of the ground contact surfaces for the front Wheels 
and in Which the instant centers determined by the rear 
suspensions Srl and Srr are located above and forWard of the 
ground contact surfaces for the rear Wheels. HoWever, the 
instant centers are not limited to these positions. For 
example, the instant centers determined by the front sus 
pensions S? and Sfr may be located beloW and forWard of 
the ground contact surfaces for the front Wheels With the 
instant centers determined by the rear suspensions Srl and 
Srr being located beloW and to the rear of the ground contact 
surfaces for the rear Wheels (?rst variation), or the instant 
centers determined by the front suspensions SH and Sfr may 
be located above and forWard of the ground contact surfaces 
for the front Wheels With the instant centers determined by 
the rear suspensions Srl and Srr being located above and to 
the rear of the ground contact surfaces for the rear Wheels 
(second variation), or the instant centers determined by the 
front suspensions SH and Sfr may be located beloW and to 
the rear of the ground contact surfaces for the front Wheels 
With the instant centers determined by the rear suspensions 
Srl and Srr being located beloW and forWard of the ground 
contact surfaces for the rear Wheels (third variation). 

[0049] In this case, in the ?rst variation, in the same 
manner as in the above-described embodiment, the driving 
torque generated by the electric motor corresponding to the 
front Wheels at the side Where the vehicle body BD moves 
up (the rear Wheels at the side Where the vehicle body BD 
moves doWn) is increased by the driving torque changing 
amount ATr in accordance With the roll angle RA of the 
vehicle body BD, and the driving torque generated by the 
electric motor corresponding to the rear Wheels at the side 
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Where the vehicle body BD moves up (the front Wheels at the 
side Where the vehicle body BD moves doWn) is decreased 
by the driving torque changing amount ATr, Whereby doWn 
Ward force can be generated at the respective instant centers 
determined by the suspensions at the side Where the vehicle 
body BD moves up (upWard force can be generated at the 
respective instant centers determined by the suspensions at 
the side Where the vehicle body BD moves doWn). 

[0050] In contrast, in the second and third variations, in 
the reverse of the above-described embodiment and the ?rst 
variation, the driving torque generated by the electric motor 
corresponding to the front Wheels at the side Where the 
vehicle body BD moves up (the rear Wheels at the side Where 
the vehicle body BD moves doWn) is decreased by the 
driving torque changing amount ATr in accordance With the 
roll angle RA of the vehicle body BD, and the driving torque 
generated by the electric motor corresponding to the rear 
Wheels at the side Where the vehicle body BD moves up (the 
front Wheels at the side Where the vehicle body BD moves 
doWn) is increased by the driving torque changing amount 
ATr, Whereby doWnWard force can be generated at the 
respective instant centers determined by the suspensions at 
the side Where the vehicle body BD moves up (upWard force 
can be generated at the respective instant centers determined 
by the suspensions at the side Where the vehicle body BD 
moves doWn). 

What is claimed is: 
1. A vehicle attitude control apparatus provided With four 

actuators Which independently drive four Wheels suspended 
on a vehicle body by a suspension apparatus and capable of 
controlling vehicle running attitude through the independent 
control of driving torques generated by the four actuators, 
the vehicle attitude control apparatus comprising: 

roll detecting means that detects a roll of a vehicle; and 

driving torque control means that produces a difference to 
the driving torques generated by the four actuators in 
accordance With the detected vehicle roll to thereby 
apply to the vehicle body force in the direction opposite 
to the roll. 

2. A vehicle attitude control apparatus according to claim 
1, Wherein 

the driving torque control means produces a difference in 
the driving torques generated by the actuators, corre 
sponding to the front and rear Wheels at the side Where 
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the vehicle body moves up due to the vehicle roll, such 
that forces are generated in the front and rear Wheels, 
at the side Where the vehicle body moves up, in 
opposite directions With respect to the fore and aft 
direction of the vehicle so that doWnWard force is 
generated at the vehicle body that moves up, or pro 
duces a difference in the driving torques generated by 
the actuators, corresponding to the front and rear 
Wheels at the side Where the vehicle body moves doWn 
due to the vehicle roll, such that forces are generated in 
the front and rear Wheels, at the side Where the vehicle 
body moves doWn, in opposite directions With respect 
to the fore and aft direction of the vehicle so that 
upWard force is generated at the vehicle body that 
moves doWn. 

3. A vehicle attitude control apparatus according to claim 
1, Wherein 

the roll detecting means detects a roll angle of the vehicle 
body; and 

driving torque control means comprises changing amount 
calculating means that calculates a changing amount 
for changing the driving torques generated by the four 
actuators With the use of the detected roll angle of the 
vehicle body; driving torque calculating means that 
calculates the driving torques generated by the four 
actuators With the use of the calculated changing 
amount; and drive control means that drives and con 
trols the four actuators in accordance With the calcu 
lated driving torques. 

4. A vehicle attitude control apparatus according to claim 
3, Wherein 

the roll detecting means comprises a lateral acceleration 
sensor that detects the lateral acceleration in the side 
to-side direction of the vehicle; and roll angle calcu 
lating means that calculates the roll angle of the vehicle 
body in accordance With the detected lateral accelera 
tion. 

5. A vehicle attitude control apparatus according to claim 
3, Wherein 

the changing amount for changing the driving torques 
increases With the increase in the detected roll angle of 
the vehicle body. 

* * * * * 


